Purpose: Increased variability in blood pressure (BP) is known to be closely associated with the development, progression and severity of renal damage in patients with chronic kidney disease. However, little is known about the association of BP variability (BPV) with the decline of renal function in elderly hypertensive patients with well-controlled BP. We, therefore, aimed to investigate the association between BPV and glomerular filtration rate in hypertensive elderly (age 60 years) and very elderly (age 80 years) male patients with BP controlled within the normal range by antihypertensive therapy. Patients and methods: This study involved 484 hospitalized elderly male hypertensive patients with BP controlled within the normal range by antihypertensive therapy. BPV was defined as the SD from mean BP over a 24 h period. Renal function was estimated by estimated glomerular filtration rate (eGFR) which was calculated by the Chinese modified Modification of Diet in Renal Disease Equation. Participants were divided into three groups according to their eGFR data. Multivariate linear regression was then used to analyze the correlation between eGFR and BPV.
Introduction
The prevalence of chronic kidney disease (CKD) or end-stage renal disease is growing rapidly, particularly in the elderly population, and is thus becoming a global economic burden. Impaired renal function is mainly caused by high blood pressure (BP) as a result of contributing factors such as aging, diabetes and atherosclerotic disease. 1, 2 While the use of antihypertensive drugs can help to control hypertension, hypertensive patients with well-controlled BP still suffer from a decline in renal function. 3 Therefore, for hypertensive patients with well-controlled BP, it is important to identify the potential
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Wang et al mechanisms involved with BP variability (BPV) and renal decline other than those that are already known, including BP, blood lipids and age.
Ambulatory BP monitoring (ABPM) has been shown to be a better predictor of target organ damage, cardiovascular (CV) risk and clinical outcomes than office BP measurements in the clinic setting. 4 BPV can be demonstrated by ABPM, which reflects BP fluctuation within a certain period of time and is usually defined by the standard deviation of BP. Accumulating evidence has also shown that BPV observed during 24 h ABPM was also associated with an increased risk of target organ damage and early atherosclerosis in a manner which was independent of mean BP levels. 5, 6 Several general populationbased studies have reported that measures of 24 h BPV could serve as an independent predictor for CV events and all-cause mortality. 7, 8 More recently, an increasing body of evidence has shown that increased BPV can predict CV events and all-cause mortality in patients with CKD. 9, 10 One cross-sectional study has demonstrated an association between short-term BPV and albuminuria in hypertensive patients. 11 Therefore, increased BPV is a correlative factor which can be used to predict the development, progression and severity of renal organ damage in patients with hypertension and CKD. 12 In the elderly population, the aging process causes a reduction in neurologic function and an increase in vascular stiffness, thus resulting in BPV. 13 However, little is known about the association between BPV and the decline in renal function in elderly hypertensive patients with well-controlled BP. Therefore, in this study, we monitored 24 h ABPM and estimated glomerular filtration rate (eGFR) in elderly and very elderly male hypertensive patients with wellcontrolled BP during a period of hospitalization.
Patients and methods study subjects
We enrolled 484 patients who were hospitalized at the Department of Geriatric Cardiology of the Chinese People's Liberation Army (PLA) General Hospital between January 2014 and December 2016, and met our specific inclusion criteria: 1) male gender and older than 60 years, 2) nonsmoking, 3) diagnosed with essential hypertension in line with the high BP diagnosis standards described in the Chinese Hypertension Prevention and Treatment Guide, 14 and 4) receiving antihypertension medication with well-controlled BP over the 3 months prior to hospitalization. The applied standard was that the BP, which was taken twice a day at 9:00 am and 16:00 pm, remained ,140/90 mmHg (,150/90 mmHg for very elderly patients) for 3 days after hospitalization.
Our exclusion criteria were as follows: 1) patients with secondary hypertension, 2) patients with atrial fibrillation and those taking antiarrhythmic drugs, 3) patients undergoing hemodialysis, and 4) patients with severe heart and lung dysfunction and patients suffering from mental diseases.
The study protocol was approved by the Ethics Committee of the PLA General Hospital (Beijing, China). All participants provided written informed consent for the study. Prior to wearing a dynamic sphygmomanometer, patients and their carers received training on how to record daily activities.
Clinical data collection
This study adopted a cross-sectional observational design. Patients aged ,80 years were defined as elderly patients, while patients aged 80 years were defined as very elderly patients. On the day of hospital admission, information relating to medication use, history of hypertension, diabetes, and coronary heart disease was obtained by self-reporting using a face-to-face counseling method. BP was then measured using a calibrated desktop sphygmomanometer with the participants in the sitting position for at least 5 min. Height and weight were measured and recorded, and then body mass index (BMI) was calculated as the weight in kilograms divided by the height in meters squared (kg/m 2 ). The investigation was completed by physicians in the Department of Geriatric Cardiology of the PLA General Hospital who were trained by the research team.
Twenty-four-hour ABPM
A total of 502 elderly male hypertensive patients underwent 24 h ABPM using a noninvasive portable BP monitor (SpaceLabs 90207 recorder; Spacelabs Healthcare, Snoqualmie, WA, USA) as described previously. 15 In brief, monitoring began in the morning 3 days after patients were admitted to our hospital. A BP cuff was fitted onto the participant's non-dominant arm, with the cuff size being determined by the upper arm circumference. BP was then measured automatically at 30 min intervals during the daytime (from 6:00 am to 10:00 pm) and at 60 min intervals during the nighttime (from 10:00 pm to 6:00 am). There was no limitation for the patients in relation to daily activities, and they were allowed to continue taking their medication. Their 
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Twenty-four-hour sBP variability and renal function quality ($80% of valid measurements) were included in our final analyses.
Twenty-four-hour ambulatory BP parameters
Mean values of 24 h daytime and nighttime systolic BP (SBP) and diastolic BP (DBP) were calculated for each patient. The 24 h BP loading value was the percentage of the number of occurrences involving SBP 135 mmHg or DBP 85 mmHg during the daytime, and SBP 125 mmHg or DBP 75 mmHg during the nighttime. A reduction of nighttime SBP and DBP refers to the difference between the nighttime mean SBP and DBP when compared with daytime SBP and DBP. SDs for 24 h SBP and DBP were defined as BPV. BP was measured in units of mmHg (1 mmHg=0.133 kPa).
laboratory measurements
Blood sampling was performed after hospital admission between 7:30 am and 8:30 am after overnight fasting. Serum levels of total cholesterol, triglycerides, high-density lipoprotein cholesterol, plasma glucose, creatinine, and uric acid were measured by a qualified technician using enzymatic assays (Hoffman-La Roche Ltd., Basel, Switzerland) with a full automatic biochemical autoanalyzer (COBAS c6000; Hoffman-La Roche Ltd.). Low-density lipoprotein cholesterol was calculated using the Friedewald formula. 16 Renal function was estimated by eGFR which was calculated using the Chinese-modified Modification of Diet in Renal Disease equation as follows: 17 
statistical analyses
Continuous normal variables are expressed as mean and SD. Normality of raw data was tested using KolmogorovSmirnov criteria. Skewed variables are expressed as medians with quartile range. Categorical variables are expressed as numbers and percentages. Baseline characteristics were grouped separately for age and are presented separately for elderly patients (aged #80 years) and very elderly patients (aged 80 years). Differences were compared with the twosample t-test or a nonparametric test for continuous variables and with the chi-square test for categorical variables. Patients were divided into three groups according to their eGFR: eGFR $90 group, eGFR 60-89 group, and eGFR ,60 group (mL/min/1.73 m 2 ). Statistical comparison of the three groups was undertaken by one-way analysis of covariance (continuous variables).
Pearson's correlation analysis was used to analyze the correlations between ABMP parameters and eGFR in the elderly and very elderly groups of patients. Multiple linear regression analysis was applied to evaluate the independent correlates between ABMP parameters (the independent variable) and eGFR (the dependent variable), after adjusting several potential confounders (covariates). Data entry and management were undertaken with a Microsoft Excel (Microsoft, Seattle, WA, USA) spreadsheet. P,0.05 was considered to be statistically significant.
Results
Patient characteristics
A total of 502 patients were eligible for inclusion in this survey. Of these, the APBM parameters of 18 patients were not completely recorded, and thus, our final analysis involved 484 patients. Patients were aged between 60 and 103 years, with the average age being 79.85±10.17 years; 207 of these patients were ,80 years old and 277 were $80 years old.
The characteristics of these patients are shown in Table 1 . Patients were grouped according to age and defined as either elderly or very elderly. Analysis revealed the percentage of diabetes and coronary artery disease was higher in the very elderly patients than in the elderly patients (P,0.001). The elderly patients had higher levels of total cholesterol (P=0.013), low-density lipoprotein cholesterol (P,0.001), and 24 h mean DBP (P=0.006), and a decrease of nighttime SBP (P,0.001) and nighttime DBP (P=0.006) than the very elderly patients. The levels of serum uric acid, nighttime mean SBP and 24 h SBP loading value were lower in the elderly patients than those in the very elderly patients (P,0.05). eGFR was lower in the very elderly patients than in the elderly patients (P,0.001). However, there were no significant differences between the two groups in terms of either 24 h SBP variability or DBP variability.
A comparison of 24 h ABPM parameters in patients with different egFrs
The 24 h ABPM data are listed in Table 2 . Patients were divided into three groups based on their eGFR: eGFR $90 group, 60#eGFR,89 group, and eGFR ,60 group (eGFR unit: mL/min/1.73 m 2 ). Analysis showed that compared with the eGFR $90 group, both the 60#eGFR,89 group and the eGFR ,60 group had different daytime and nighttime mean SBP, 24 h SBP variability, 24 h SBP loading value, and reduction in nighttime BP. As eGFR reduced, the level of nighttime mean SBP, 24 h SBP variability and 24 h SBP 
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Twenty-four-hour sBP variability and renal function independent variable. This showed that 24 h SBP variability was related to eGFR in elderly and very elderly male hypertensive patients with well-controlled BP by antihypertension therapy (P,0.05; Figures 1 and 2) .
To determine whether 24 h SBP variability could independently be correlated with the reduction of eGFR in elderly male hypertensive patients with well-controlled BP, we included all clinical variables and ABPM parameters in multiple linear regression analysis using eGFR as the dependent variable (the standards for the candidate variable and rejection variable were both set as 0.05). Results showed that 24 h SBP variability and the level of uric acid were independently and inversely associated with eGFR in elderly and very elderly male hypertensive patients with well-controlled BP. Furthermore, age and BMI were independently and inversely associated with eGFR in very elderly male hypertensive patients with well-controlled BP (Table 3) .
Discussion
The main finding of this retrospective study confirmed that among the different parameters of 24 h ABPM, 24 h SBP variability was the only independent variable associated with the decline in renal function in elderly and very elderly hypertensive male patients with well-controlled BP. An association between renal function decline with daytime SBP and 24 h DBP loading value was observed only in univariate analyses carried out on the group of elderly patients, which lost statistical significance after taking into account the effect of some covariates in multiple regression analyses. To the best of our knowledge, this study was the first to investigate the relationship between BPV and renal function in elderly and very elderly hypertensive patients with well-controlled BP.
BPV, which refers to the degree of BP fluctuation during a certain period of time, is usually presented by the SD or coefficient of variation (SD/mean) of the BP taken during a particular time period. Short-term BPV can be derived from 24 h ABPM. However, we know very little about the specific mechanisms underlying BPV, although there is some evidence to suggest that environmental stimuli, behavioral factors, and neural, reflex, and humoral factors may be involved. 18 It has been reported that autonomic dysfunction and artery stiffness represent the two main causes for increased BPV. 19, 20 As these two factors change with age, BPV is understandably higher in the elderly population compared with that in the younger population. In this research, we showed that there was no significant difference in BPV when comparing an elderly group of patients and a very elderly group of patients. This finding could be due to the low number of participants, which is the hurdle for achieving 
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Wang et al statistical significance; on the other hand, BPV influenced by a complex range of factors and limited daily activity could reduce BPV in the very elderly population, particularly when these patients are hospitalized. Previous research has shown that increased BPV is an independent predictor for CV events, especially for stroke in the general population and patients in the early stages of hypertension. 21, 22 A combination of retrospective and prospective research studies has also demonstrated that 24 h BPV can predict end-organ damage, such as an increase in the left ventricular mass index and the thickness of the intima-media wall. 23, 24 Several studies have also shown that alterations in BPV may predict the development and progression of renal damage in a manner which is independent of mean BP levels. 25, 26 Increased short-term BPV is positively correlated with impaired renal function when assessed by microalbuminuria, even after adjusting for baseline characteristics and ABPM parameters in non-treated essential hypertensives. 15 This study showed that in elderly and very elderly hypertensive patients with well-controlled BP by medication, only 24 h SBP variability was independently associated with eGFR; this relationship was not observed for other ABPM parameters. Our results thus indicate that an increase in 24 h SBP variability could be the main causative factor that leads to a decline in renal function in elderly male hypertensive patients with well-controlled BP.
However, the exact mechanisms underlying the link between BPV and renal function are, as yet, unclear. Several potential mechanisms may explain this link. First, an increase in BPV could lead to vascular injury and endothelial dysfunction. One study showed that 24 h BPV was inversely associated with CD62+ endothelial microparticles and positively associated with nitroglycerin-mediated dilation. 27 Ozkayar et al 28 identified a significant negative correlation between 24 h BPV and the proportion of flow-mediated dilatation, which is a commonly used parameter for assessing endothelial dysfunction. A prospective cohort study evaluated the predictive value of BPV for arteriovenous fistulae dysfunction and found that an increase in SBP variability could aggravate venous wall inflammation and may play a role in arteriovenous fistulae dysfunction. 29 Second, an increase in BPV can result in artery stiffness, which can, in turn, lead to a decline in renal function. Ishikura et al 3 reported a relationship between short-term BPV and arterial stiffness in patients with hypertension and diabetes. The carotid-femoral pulse wave velocity, which is a prognostic measurement of arterial stiffness, is high in CKD and end-stage renal disease patients and renal artery stiffness directly leads to renal dysfunction in these patients. 30 Third, BPV and the local kidney reninangiotensin system (RAS) could interact. For example, Ozkayar et al 31 identified a relationship between local RAS activation in the kidneys and an increase in BPV in hypertensive patients. The activation of RAS may play a role in the development of hypertension and renal dysfunction. In other words, BPV and renal function exhibit a pathophysiological correlation.
BPV includes both short-term and long-term variability of the BP. The predictive value of short-term BPV has been established by a number of studies. Recent retrospective trials, and general population-based studies, have shown that long-term BPV (ie, "visit-to-visit" variability) is also a powerful predictor of stroke, CV events, and all-cause mortality, in a manner which is independent of mean BP. 32, 33 A very recent study, with a large sample size of 2,464 subjects, confirmed a significant positive correlation between visit-to-visit variability and short-term SBP variability calculated using a variety of methods; furthermore, visit-to-visit variability and short-term BPV calculated using different methods were all negatively correlated with eGFR. 34 This study used shortterm variability derived from 24 h ABPM, especially 24 h ABPM during hospitalization; consequently, our research findings are objective and significant.
In addition, our current research demonstrated that uric acid level was independently and inversely associated with eGFR in elderly and very elderly male hypertensive patients with well-controlled BP. Furthermore, age and BMI were independently and inversely associated with eGFR in very elderly male hypertensive patients with well-controlled BP. These results relating to a relationship between eGFR and both uric acid and age are consistent with earlier reports. 35 However, BMI may represent a controversial variable because some studies have failed to find an association with eGFR. 36 Our current study has several limitations which need to be considered. First, this study featured a small sample size. Although we found that among the parameters of 24 h ABPM, 24 h SBP variability was the only independent factor associated with a decline in renal function, this was derived from a small sample size. Further studies, using a larger sample size, are now needed to confirm our results. Another limitation of this study was that all of our subjects were male. Our department only serves patients who are ex-military and most of the patients in this specific group tend to be male. As a consequence, our study only involved male patients. Finally, this was a cross-sectional study, and a prospective study is now needed to confirm the presence of a true association. 
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Conclusion
In conclusion, our results indicated that among the parameters involved with 24 h ABPM, 24 h SBP variability was the only independent risk factor for a decline in renal function in elderly and very elderly male hypertensive patients with well-controlled BP. Further large and well-conducted studies are now required to provide more definitive evidence.
